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1. INTRODUCTION

This workshop on “Automatic Pattern Recognition” represents the second of
a series of intensive academic/ government interactions in the field of
advanced electro-optics, as part of the Army sponsored University Research
Initiative. By documenting the associated technology status and dialogue it is
hoped that this baseline will serve all interested parties towards providing a
solution to high priority Army requirements. Responsibie for program and
program execution are Dr. Nicholas George, University of Rochester (ARO-
URI) and Dr. Rudy Buser, NVEOC.




2.  SUMMARY -- INCLUDING FOLLOW-UP

University of Rochester: The workshop group consisted of Professor Nicholas
George, Dr. Thomas Stone, Dr. Robert Rolleston (graduated this year - 1988)
and Dennis Venable, planning to graduate in 1989.

The main points of briefings by George, Rolleston, and Venable are as
follows:

a. In pattern recognition that is pixal intensive, there is considerable
merit in optical preprocessing or a parallel channel of processing
that works at high rate coupling in auxiliary data to a more
conventional al!-gigital system. Examples are optical transforms in
white light (cosine, sine, Hartley, or Fourier), direct correlation
schemes as by Morris at UR, and the neural network models that
provide high-speed, parallel computation and are being studied at
numerous laboratories.

b. Various light valve schemes are getting better and better; and as
they do it is worthwhile considering coherent diffraction pattern
sampling. Some recent classifications 6r :>tings were described.

¢. Image retrieval was described including recent work of Rolleston
on Fresnel-zone retrieval.

Imaging of the type simulating current Army objectives in pattern
recognition were shown by the Army scientists. There were discussions about
UR being able to access these images for test purposes, and we should follow-
up on this.
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IMAGE SCIENCE
RESEARCH TRENDS

1950 - 60 - 70 - 80 - 85 - 90 - 95 - 2000
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AUTOMATIC
PATTERN RECOGNITION

OPTICAL DIRECT
TRANSFORM IMAGE
FREQUENCY
PLANE
FILTERS
MATCHED
FILTER u OPTICAL DIGITAL
INCOH INCOH
oK OPEN OK OPEN

64-70 l 70-74 l

SYSTEM SYSTEM
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DIFFRACTION PATTERN SAMPLING
HYBRID OPTO-ELECTRONIC SYSTEM

® EFFECTIVE: LASER & SMOOTH INPUT

LASER PHOTODIODE

COLLIMATOR  OBJECT

PATTERN RECOGNITION
PARTICULATE ANALYSIS
IMAGE QUALITY
NEEDLE SHARPNESS, ...

ARRAY

%

DIGITAL
COMPUTER

'

ouTPUT

® INEFFECTIVE: NORMAL ILLUMINATIO? AND ROUGH

OBJECTS
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MATCHED FILTERING IN NATURAL ILLUMINATION

Nicholas George
Shen-ge Wang

® RECENT ACCOMPLISHMENT™*

| MINICOMPUTE
DOUBLE - IMAGING d

SYSTEM

DETECTOR ARRAY

~

*S. WANG AND N. GEORGE, 'CORRELATION AND IMAGE RECONSTRUCTION",
JOSA(A) 2,P. 14 (1985).




WM
e
//l

‘““\\\\\ .
(GO

\\\(\

T

“ ‘ ettty

/
///::/““::‘\\(\\k\‘\‘!!wu_/ _

P ity
/ /,/t‘/;”;\xms»,,; R "",}‘/('—
‘

N\

“\&\t\‘ (%3

2
4 Satjs s -

N\
N

A
\l‘

N
\\
N

\)
N

\

N\
NN\

S A, 4/ -

, \"l\‘

e

\)
\\
.
\)

\\

\)

\\\
N ‘f‘\

A\
N
W

WA\
»
AN\

A

\

AT B
AN THNARRESISAN

\
N

N\
NN

\

W\
ANy
A XY
MW
AR
BAS NS
AN

NN

AL YSN)
AN
N\
AN

RN
A\

N

AR

WY

MWW
QUMW

\
NN\
N\
AXAY

MW

W
MEIRN
KL\

A}
A\\
N
N
A
N\
W\

\\\\\\\\\\\\\
A)
\\

\\\\y\\\\ ALAN
W

N

\

\\

A\
I

\
3

N
N\
N
AN\
N\

N
NN
N
NN

e . el ‘M15{{
<

gl

. "'lluuuuul“
2L ity
o

< anpaesgrieet?

FOURIER TRANSFORM
THEORETICAL
ZONE PLATE




0

7,

Y,
7 "7/;//,///,/’/’
//////J,/I),//// ;// % //’ i,

v

g
4 /'///’ d /

W‘ ’(,Mb/)/, I
A

7/{// ﬁ ”"’(I 7

7,

fi

. 7% )\'",{?/
" 7.5 /7 AR
V100 SV e .2
,%4%~,/¢/ﬁ&ﬁ}f,g
,///// /// jn/

; ¥/
: /i
Z
]

-,

SN
N N
AR

\\\ AW

NN
.

\

Y

L
N

\\\\
NN
o NN

AN

N
N\

N

RN
A\
AN

\ \}\
\\\\\

AR

\
\\
\
R

/
/4

oy
7 AL
/I/ Wi
777
77
X
/)

\

AN
\\\\
\
KN N

W
NN
WY
NN
NN
AN\

\4\

s
S i

Y

\
\
N\

N
N
N
NS

7
Z
,'/2, Z,///

N
NEANE

N\ \

S:\: \

N

\

(
75
2 {, :"«déﬂ" $ ¢

i
7,

‘/‘, /
)
7% 7
SRR (/)
s «(‘@(&’)'/ )7
e e

M¢chnz”é”
/”//ﬂ’};;’,y// 77
gyt
w/,'utl /’l/ /
! s

s 1)

FOURIER TRANSFORM

EXPERIMENTAL
ZONE PLATE




AYO3HL :NOILDN4 NOILVIIVYOD
[(zA + zx)(ze/u)-1dxa [(zA + x)(zqQ/11Z) S0 + L] :dHIHD ALISNILNI

A ..q.......w...s,.d?.\\\m S
AR o2 A
.s._.s_.,..,.s., A,
Wyl
Wl

Y

LR ff
i




(A'x)ooy + (A°x)33y = (A 'x)hy
(K- "x-)y = (K My
000y 5| (A ) |
:$31143dOYd
- QO—
Ap.xp (A*)uA + Krxe 3y = [['= (Kexpiy

(A'x)oy + (A'x)?3 = (A'X)} QINTVA 1V3IY

NOILONNd NOILVIIHHOD




- 2| M/\
. )

QQM— «
ATIVOIdAL

00

[A%| (A'x)g + (K'x)3] » (A'x)3 % 5 (A'x)By & = (A°x) *y

(A ’x)$ ‘NOILONNS QINTVA-TVIY
NOLLY1IH¥0D0LNV

..



Ap,xp (A’ X)oB(A + A* oy © = (K
APXP (A’ Xx)°B(A + A'x + x)o4 Tﬁ (A 'x)>
il LNdLNO

Apxp (A £%99%° ([ =
Pxp (An + xn)uguis(k x)ey [ = (am)ss

Il Ol |1 INV1d

S - o J SO 1S |<-&--

xy W n i X |

JOLVIIYYOD 3AVISVYD INISOD - ANIS




(S13XId 9SZ X 952) NOILVINNIS Y3LNdWNOD
3AVYOSVYD INISOD-INIS




OPTICAL TRANSFORMS

PATIAL SINE OR
COSINE

OMBINING CONCEPTS

‘@ NOVEL SYSTEM




HOLOGRAPHIC OPTICAL ELEMENTS

NOVEL CONCEPT (1987)+
BROADBAND ACHROMATIC PHASE SHIFTER

ELECTRONICS .

napmminneInn

+ patent Applied For, N. George and T. Stone (1987).
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- IMAGE SCIENCE
‘SPATIALLY INCOHERENT ILLUMINATION

MATCHED FILTERING
ACHROMATIC FOURIER TRANSFORM
LIGHT VALVE

DIFFRACTION PATTERN SAMPLING

OPTICAL TRANSFORM -
INTENSITY BASED

LIGHT VALVE

IMAGE RECOVERY
NON-LINEAR CRYSTAL

PHASE CONJUGATION -
INTENSITY BASED

DIGITAL TECHNIQUE

g
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AUTOMATIC

PATTERN RECOGNITION

AND

DI1rrFrRACTION PATTERN

SAMPLING

The Institute of Optics
The University of Rochester
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Analysis of Aerial Photography *

.

(XXX ER R LR S8
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Fig. 0. Rose diagrems of wedpe dota.

Fig. 6. Results of clowd detection experiment.

Ocean wave monitoring

Cloud cover detection

phetrsarsee
LA AR AR S
4sas.0000

Samp)ing apertures for weve patterms.

Sempling grid for clowd test set.

Fig. 2.

Fig. 5.

.......

*Rapid Screening of Aerial Photography by
89 (1977) .

, SPIE vol. 117,

patterns

Examples
@ Cloud cover detection
® Detection of anomalies in ocean wave

George Lukes,
OPS Analysis”
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Neural Network

Image Detector

The Neural Camera

What is a neural camera?

@ low-to-medium resolution image detector (ccd, vidicon,

etc.)

@ rectangular layout of detector elements (256x256)

@ Digitized detector outputs feed into a fully
interconnected neural network.

Neural Camera

Why build a neural camera? - Configurable pre—processing within the camera

Pre-processed
camera output

@ generate a variety of transforms within the camera by adjusting
the operation of the network

@ perform pattem recognition, segmentation, etc. within the

camera as a preprocessing function.
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Image Recovery

Rob Rolleston

The Institute of Optics

University of Rochester




Image Recovery

Given only partial information about
an image and the transform, Is it
possible to recover (or reconstruct) the
unknown image ? | |




Computer Aided Tomography:

Given the Fourier spectrum only in a wedge shaped
region, it is possible to fill in the missing portion of

the spectrum and thus recover the unknown image.

“.Given Data

Missing Data B Missing Data

’ ,--".Given Data -




History

1892 A.A. Michelson and Lord Raliegh

® visibility fringes

1965 Walther; Wolf

® analytic properties of functions

1974 Napier and Bates '

® 2-D Polynomials

1971 Gerchberg and Saxton

® iterate between two planes

- 1982 Youla and Webb

® convex projections




Fourier Transform

G(fx, fy) =f [g(x, y) exp{-i2n(xfx + yfy)} dx dy
glx. y) =/ [G(fx, fy)exp{ +i2n(xfx + yfy)} dfx dfy
Polar Form

Magnitude: |G(fx, fy)| = [G(fx. fy)G*(fx, fy)]-;-

- Phase:
fx, f
cos[®(Fx, fy)] = ____-"‘@i f !;T’
X, 1y
im[G(fx, fy)]

Sin[m(fx, fy)] = e————
|G(fx, fY)l
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. FRESNEL-ZONE TRANSFORM PAIR

G(fx, fy) = / / g(x, y) K(x,y: fx,fy) dx dy

glx,y) = [[G(fx, fy) K*(xy; fxfy) dfxdfy

Transform Kernel
K(x,y:fx.fy) = exp{-inai1(x2 + y2) -i2n(fxx + fyy)}

Offset parameter
ay= (1 = d1/F)/(AF)
Number of Fresnel Zones

Zr = [a1(xmax)2]/2




wJojsuel] |dusdid
3S49AU|

JUIIXD UMOU)| @
annebau-uopN e

eje@ UMOU) |eay e :sjulRlISUO)

wJojsuel)
|[ousaly

(9861 ‘261039 pue uo)sa|joy)
|enainay abew

~- 4
onf
-




MAGNITUDE-ONLY RECONSTRUCTION

Given Magnitude of Fresnel-zone Transform

IG (f)h fY)I

and constraints on g(x, y)
g(x, y) is real
g(x, y) is non-negative

g(x,y) has a known size

Find: exp{i®(fx fy)} and g(x,y)




—>— == current guess: g,

i "

I Initial random guess: go
|

|

| '

i X exp{-inai(x2 + y2)}

1

| '

|

! FFT

' 1

i

I . . .
* Impose known magnitude information
' . .

]

i IFFT

' l

I

|

4 Impose Picture constraints

' &

l

leee = —< — = NEw guess: g, .,

Iterative Technique of Image
Reconstruction from Magnitude Information




Original Image
256 x 256 Pixels

256 Gray Levels
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Given Magnitude Data




Magnitude-only Reconstructions




PHASE-ONLY RECONSTRUCTION

Given Phase of Fresnel-zone Transform

exp{ iP(Fx, £,)}

and constraints on g(x, y)
g(x,y) is real
g(x, y) is non-negative

g(x,y) has a known size

Find: 1G(fx. fy)1 2nd g(x, y)




—p-=— = =3 current guess: g,

| oy

1 Initial random guess: go
l

l

! '
i X exp{-inai(x2 + y2)}
|

| !

1

" FFT

. l

l

|

* Impose known phase information
| | ‘

|

i

* IFFT

' l

|

]

‘ Impose Picture constraints
| !

[

le = —< — - New guess: g, , 4

Iterative Technique of Image
Reconstruction from Phase Information
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(c) Zg = 3.0

Given Phase Data
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(c) Zg =3.0 (d) Zz = 8.0

Phase-only Reconstructions




Conclusions:

® Image recovery from partial Fresnel-zone

information has been demonstrated.

® Phase-only reconstructions have a slight
degradation when moving out of the Fourier

plane and into the Fresnel region.

® Magnitude-only reconstructions are greatly
improved when moving out of the Fourier plane

and into the Fresnel region.
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CECOM Tests
Automatic Target Recognizer

The Army reports a significant advance in its development
of a new generation of night vision equipment with the
completion of tests on an automatic target recognizer.

Test director john Farr of the Army Communications-Elec-
tronics Command (CECOM) Center for Night Vision and
Electro-Optics. Fort Belvoir. VA, said the successful tests pro-
duced 14 sets of videotapes of collected imagery. “The data
will be used in the development of night vision equipment
designed to reduce the pilot’s workload and the time it takes
to find a target.” Farr said.

Tests were conducted with a sensor package mounted on
the nose of a helicopter. A video screen inside the aircraft
displaved target objects and the heat they emanated. The
imagery was recorded on high-resolution videotape.

The objective was to collect continuous 87 5-line imagery
of different tvpes of military targets. Four target types were
used — tank. armored personnel carrier. truck and high
mobility. multi-wheeled vehicle. More than 70 low-altitude
runs were made over two weeks at CECOM's Central Oregon
Test and Evaluation Facility.

Using the collected data. engincers will “teach™ the auto-
matic target recognizer to detect and classify targets from

January-February 1988

iA

sensor output. As technology develops. the target recognizer
will be able to discriminate among friendly and hostile vehi-
cles and aircraft, prioritize targets and direct fire toward the
highest threat target.

Eventually the automatic target recognizer will be
mounted on remotely piloted vehicles. With the ability to
differentiate between live and spurious enemy warheads. the
automatic target recognizer will help drivers of tanks and
other land vehicles navigate and lock in on targets.

The imagery collection effortinvolved the use of 4 unique
night vision system emploving a Type 1 utility helicopter with
a target acquisition designator svstem.

An Army UH-1 helicopter was fitted with a nose-mounted
support for two high-resolution imaging sensors. The tapes
have two audio tracks. one carrving verbal instructions. the
other continuous range information from the primary target
to the target areas.

The Oregon National Guard provided cight target vehicles
and drivers for the tests. Two MOUOA3 tanks. two M3
armored personnel carriers. t™Wo M35 2! s-ton trucks and mo
of the Army's new high mobility. muiti-wheeled vehicles were
split between the two target areas a little over six miles apart.

Army Research Development & Acquisition Builetin 23
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Friedrich de Groot
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Helmut Pistor
Juergen Pohimann
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Robert Rolleston
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Dennis Venable

OPTOELECTRONIC WORKSHOP
AUTOMATIC PATTERN RECOGNITION

April 7, 1988

ORGANIZATION

NVEOC
NVEOC
NVEOC
NVEOC
NVEOC, GSD
NVEOC, LET
NVEOC
NVEOC, ASD
NVEOC
NVEOC, ACD
NVEOC
NVEOC
NVEOC
NVEOC
NVEOC, ACD
NVEOC, LET
NVEOC
NVEOC
NVEOC, ACD
NVEOC
NVEOC

UR, Optics
UR, Optics
UR, Optics
UR, Optics

PHONE

703-664-4931
703-664-3067
703-664-5286
703-664-5310
703-664-1424
703-664-2730
703-664-1064
703-664-6665
703-664-6066
703-664-6267
703-664-3043
703-664-3063
703-664-1968
703-664-1968
703-664-6066
703-664-2730
703-664-1432
703-664-4931
703-664-6066
703-664-5310
703-664-1900

716-275-2417
716-275-6195
716-275-7834
716-275-5805




